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Designation: B 557 - 84 


£ 


Standard Methods of 

TENSION TESTING WROUGHT AND CAST ALUMINUM- AND 
MAGNESIUM-ALLOY PRODUCTS 1 


This standard is issued under the fixed designation B 557; the number immediately following the designation indicates the year of 
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. 
A superscript epsilon («) indicates an editorial change since the last revision or reapproval. 

These methods have been approved for use by agencies of the Department ofDefense andfor listing in the DoD Index ofSpecifications 
and Standards. 


1. Scope 

1.1 These methods cover the tension testing 
of wrought and cast aluminum- and magnesium- 
alloy products, excepting aluminum foil. 2 

1.2 This standard may involve hazardous ma¬ 
terials, operations, and equipment. This standard 
does not purport to address all of the safety prob¬ 
lems associated with its use. It is the responsibil¬ 
ity of whoever uses this standard to consult and 
establish appropriate safety and health practices 
and determine the applicability of regulatory limi¬ 
tations prior to use. 

Note 1—Exceptions to the provisions of these 
methods may need to be made in individual specifica¬ 
tions or test methods for a particular material. 

'■ .Note 2—A complete metric companion to Meth¬ 
ods B 557 has been developed—Methods B 557M; 
therefore, no metric equivalents are presented in these 
methods. 

2. Applicable Documents 

2.1 The following documents of the issue in 
effect on the date of material purchase form a 
part of this specification to the extent referenced 
herein: 

2.1.1 ASTM Standards'. 

E 4 Methods of Load Verification of Testing 
Machines 3 

E 6 Definitions of Terms Relating to Methods 
of Mechanical Testing 4 

E 8 Methods of Tension Testing of Metallic 
Materials 4 

E 29 Recommended Practice for Indicating 
Which Places of Figures Are to Be Consid¬ 
ered Significant in Specified Limiting 
Values 5 

E 83 Method of Verification and Classification 
of Extensometers 4 


E 345 Methods of Tension Testing of Metallic 
Foil 4 

3. Significance 

3.1 Tension tests provide information on the 
strength and ductility of materials under uniaxial 
tensile stresses. This information may be useful 
in comparisons of materials, alloy development, 
quality control, and design under certain circum¬ 
stances. 

3.2 The results of tension tests of specimens 
machined to standardized dimensions from se¬ 
lected portions of a part or material may not 
totally represent the strength and ductility prop¬ 
erties of the entire end product or its in-service 
behavior in different environments. 

3.3 For quality control purposes, results de¬ 
rived from standardized tension test specimens 
can be considered to be indicative of the re¬ 
sponse of the material from which they were 
taken to processing and heat treatment. 

4. Definitions 

4.1 The definitions of terms relating to ten¬ 
sion testing appearing in Definitions E 6 shall 
be considered as applying to the terms used in 
these methods. 


1 These methods are under the jurisdiction of ASTM Com¬ 
mittee B-7 on Light Metals and Alloys and are the direct 
responsibility of Subcommittee B07.05 on Testing. 

Current edition approved Feb. 24, 1984. Published April 
1984. Originally published as B 557 - 71. Last previous edition 
B 557 -81. 

2 For methods of tension testing of aluminum foil, see Meth¬ 
ods E 345. 

3 Annual Book of ASTM Standards, Vol 04.02. 

4 Annual Book of ASTM Standards, Vol 03.01. 

5 Annual Book of ASTM Standards, Vol 14.02. 
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). Apparatus 

5.1 Testing Machines: 

5.1.1 Machines used for tension testing shall 
conform to the requirements of Methods E 4. 
The loads used in determining tensile strength 
and yield strength shall be within the loading 
range of the testing machine as defined in 
Methods E 4. 

5.2 Gripping Devices'. 

5.2.1 General —Various types of gripping de¬ 
vices may be used to transmit the measured 
load applied by the testing machine to the test 
specimens. To ensure axial tensile stress within 
the gage length, the axis of the test specimen 
must coincide with the center line of the heads 
of the testing machine. Any departure from this 
requirement may introduce bending stresses 
that are not included in the usual stress com¬ 
putation (load divided by cross-sectional area). 

Note 3—The effect of this eccentric loading may 
be illustrated by calculating the bending moment and 
stress thus added. For a standard 0.500-in. diameter 
specimen, the stress increase is 1.5 percentage points 
for each 0.001 in. of eccentricity. This error increases 
to 2.24 percentage points/0.001 in. for a f'jJO-hi. 
diameter specimen and to 3.17 percentage points/ 
0.001 in. for a 0.250-in. diameter specimen. 

5.2.2 Wedge Grips —Testing machines usu¬ 
ally are equipped with wedge grips. These 
wedge grips generally furnish a satisfactory 
means of gripping long specimens of ductile 
metal. If, however, for any reason, one grip of 
a pair advances farther than the other as the 
grips tighten, an undesirable bending stress 
may be introduced. When liners are used be¬ 
hind the wedges, they must be of the same 
thickness and their faces must be flat and par¬ 
allel. For best results, the wedges should be 
supported over their entire length by the heads 
of the testing machine. This requires that liners 
of several thicknesses be available to cover the 
range of specimen thickness. For proper grip¬ 
ping, it is desirable that the entire length of the 
serrated face of each wedge be in contact with 
the specimen. Proper alignment of wedge grips 
and liners is illustrated in Fig. 1. For short 
specimens it is generally necessary to use ma¬ 
chined test specimens and to use a special 
means of gripping to ensure that the specimens, 
when under load, shall be as nearly as possible 
in uniformly distributed pure axial tension (see 
5.2.3, 5.2.4, and 5.2.5). 

5.2.3 Grips for Threaded and Shouldered 


Specimens —A schematic diagram of a gripping 
device for threaded-end specimens is shown in 
Fig. 2, while Fig. 3 shows a device for gripping 
specimens with shouldered ends. Both of these 
gripping devices should be attached to the 
heads of the testing machine through properly 
lubricated spherical-seated bearings. The dis¬ 
tance between spherical bearings should be as 
large as feasible. 

5.2.4 Grips for Sheet Materials —The self-ad¬ 
justing grips shown in Fig. 4 have proved sat¬ 
isfactory for testing sheet materials that cannot 
be tested satisfactorily in the usual type of 
wedge grips. 

5.2.5 Grips for Wire —Grips of either the 
wedge or snubbing types as shown in Figs. 4 
and 5 or flat wedge grips may be used. 

5.3 Dimension-Measuring Devices —Mi¬ 

crometers and other devices used for measuring 
linear dimensions shall be accurate to at least 
one half the smallest unit to which the individ¬ 
ual dimension is required to be measured. 

6. Test Specimens 

6.1 General: 

6.1.1 Test specimens shall be of the full sec¬ 
tion of the material whenever practical. Other¬ 
wise, machined specimens of rectangular or 
round cross section shall be used. 

6.1.2 Rectangular specimens shall be 0.500 
in. wide in accordance with Fig. 6 or Fig. 12 
(for tubular products), and shall be of the full 
thickness of the material when practical. When 
necessary, 0.250-in. wide subsize specimens as 
shown in Fig. 6 may be used, but elongation 
values from such specimens are not applicable 
to specification requirements. 

6.1.2.1 Pin ends as shown in Fig. 7 may be 
used. In order to avoid buckling in tests of thin 
and high-strength materials, it may be neces¬ 
sary to use stiffening plates at the grip ends. 

6.1.3 Round specimens shall be the standard 
0.500-in. diameter specimen in Fig. 8, except 
when the dimensions of the product make this 
impossible. In such cases, small-size specimens 
proportional to the standard specimen shown in 
Fig. 8 may be used. Unless otherwise specified in 
the product specification, the selection of round 
tension specimens shall be as specified in Table 
1. Unless permitted by the product specification, 
the dimensions of the smallest specimen used 
shall not be less than the following: 
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Diameter of reduced section, in. 

Wrought 

0.160 

Cast 

0.250 

Length of reduced section, in. 

% 

IY 4 

Radius of fillet, in. 

Vs 

3 /ie 

Diameter of end section, in. 

15 /« 

% 

Over-all length, in. 

With shouldered ends 

IV 2 

2% 

With threaded ends 

2 

3 

With plain cylindrical ends 

3 

4 


6.1.3.1 The shape of the ends of the speci¬ 
mens outside of the gage length shall be suitable 
to the material and of a shape to fit the holders 
or grips of the testing machine so that the loads 
are applied axially. Figure 9 shows specimens 
with various types of ends that have given 
satisfactory results. 

6.1.4 Special care is required in the manu¬ 
facture and testing of smaller specimens be¬ 
cause the effects of machining (for example, 
the amount of end load applied and the amount 
of heat generated) and testing (for example, 
eccentricity and gage marking) variables are 
greater upon them than upon larger specimens. 
Therefore, the largest practical specimen shall 
always be used. With some types of materials, 
notably castings, the result of tests of small 
specimens may be more variable due to the 
increasing significance of variations in metallic 
structure or the character of the surfaces. Low 
values derived from small specimens should be 
carefully evaluated in accordance with 8.1 to 
be certain that the results are valid. 

6.1.5 While tensile strengths and yield 
-strengths can properly be compared with results 
derived from test specimens of various dimen¬ 
sions, elongation values may vary with speci¬ 
men size and type. Therefore elongation values 
should be obtained with specimens of the type 
from which the published tensile properties 
were established. 

6.2 Type, Direction, and Location in Prod¬ 
ucts: 

6.2.1 Sheet and Plate: 

6.2.1.1 Rectangular specimens shall be used 
for thicknesses less than 0.500 in., and round 
specimens for all others. 

6.2.1.2 For thicknesses 0.500 in. through 
1.500 in., specimens shall be taken from the 
center of the thickness; for larger thicknesses, 
they shall be taken midway from the center to 
the surface. 

6.2.1.3 For nonheat-treatable aluminum al¬ 
loys, specimens shall be taken parallel to the 
direction of rolling. 

6.2.1.4 For heat-treatable aluminum alloys, 


specimens shall be taken perpendicular to the 
direction of rolling (long-transverse). For 
widths too narrow for long-transverse standard 
rectangular or 0.500-in. diameter specimens, 
specimens shall be taken parallel to the direc¬ 
tion of rolling. 

6.2.1.5 For magnesium alloys, specimens 
shall be taken parallel to the direction of roll¬ 
ing. 

6.2.2 Wire, Rod, and Bar: 

6.2.2.1 Full-section specimens shall be used 
when practical. It is permissible to reduce the 
section slightly throughout the test section in 
order to ensure fracture within the gage length. 
Otherwise, round specimens shall be used, ex¬ 
cept that for rectangles less than 0.500 in. thick 
rectangular specimens of the full thickness may 
be used. 

6.2.2.2 All specimens shall be longitudinal. 
The specimens shall be taken from the locations 
specified in Table 2. 

6.2.3 Shapes: 

6.2.3.1 Round specimens shall be used when¬ 
ever it is not practical to use full-section speci¬ 
mens, except that for shapes less than 0.500 in. 
thick, rectangular specimens may be used. 

6.2.3.2 All specimens shall be taken in the 
longitudinal direction from the predominant sec¬ 
tion of the shape. The specimens shall be taken 
from a location that most nearly satisfies the 
intent of Table 2. 

6.2.4 Tube and Pipe —All specimens shall be 
longitudinal. 

6.2.4.1 For all small tube (Note 4), particu¬ 
larly sizes 1 in. and under in nominal outside 
diameter, and frequently for larger sizes, except 
as limited by the testing equipment, it is stand¬ 
ard practice to use tension test specimens of 
full-size tubular sections. Snug-fitting metal 
plugs shall be inserted far enough into the ends 
of such tubular specimens to permit the testing 
machine jaws to grip the specimens properly. 
The plugs shall not extend into that part of the 
specimen on which the elongation is measured. 
Figure 10 shows a suitable form of plug, the 
location of the plugs in the specimen, and the 
location of the specimen in the grips of the 
testing machine. 

Note 4 —The term “tube” is used to indicate tu¬ 
bular products in general, and includes pipe, tube, 
and tubing. 

6.2.4.2 When it is not practical to test full- 
section specimens, 0.500-in. wide specimens in 
accordance with Fig. 12 taken as in Fig. 11 
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shall be used if practical. Otherwise, round 
specimens shall be taken from the center of 
wall thicknesses through 1.500 in.; for thick- 
nesses over 1.500 in., they shall be taken mid¬ 
way from center of thickness to surface. 

6.2.5 Die Forgings —Round specimens shall 
be used for section thicknesses 0.500 in. and 
greater. Either subsize round or rectangular 
specimens may be used for section thicknesses 
from 0.312 to 0.499 in. Rectangular specimens 
shall be used for section thicknesses less than 
0.312 in. The axis of the specimen shall be 
substantially parallel to the direction of grain 
flow, unless specimens in other directions are 
required. Specimens shall be taken from the 
center of the predominant or thickest part of 
the forging from which a coupon can be ob¬ 
tained, from a prolongation of the forging, or 
from coupons separately forged from the same 
stock used to produce the forgings. 

6.2.6 Hand Forgings —Round specimens 
shall be used. They shall be taken in the long- 
transverse direction, and when specified, in the 
longitudinal and short-tranverse directions. A 
longitudinal specimen shall be taken so that its 
axis coincides with the longitudinal center line 
of the forging. A long-transverse or short-trans- 
verse specimen shall be taken so that the mid¬ 
point of its axis lies on the longitudinal center 
line of the forging. Each specimen shall be so 
chosen that the distance from the midpoint of 
its axis to the end of the forging is at least half 
the thickness of the forging. 

6.3 Type of Specimen from Castings : 

6.3.1 Test specimens shall be separately cast 
or, if called for by product specification or 
customer requirements, machined from the 
casting itself. 

6.3.2 Cast Test Specimens —The test section 
of any separately cast test specimen shall be 
consistent with Fig. 8. 

6.3.3 Specimens Machined from Castings: 

6.3.3.1 Round specimens in accordance with 
Fig. 8 shall be used for section thicknesses 0.500 
in. and greater. 

6.3.3.2 Either small-size round specimens 
proportional to the standard specimen in Fig. 8 
or rectangular specimens in accordance with Fig. 
6 may be used for section thicknesses from 0.312 
to 0.499 in., except as limited by 6.1.3. 

6.3.3.3 Rectangular specimens in accordance 
with Fig. 6 shall be used for section thicknesses 
less than 0.312 in. 


6.3.3.4 All test specimens must have a ma¬ 
chined finish of 63 micro in. RMS (57 micro-in. 
AA) or smoother. 

6.4 Specimen for Die Castings: 

6.4.1 For testing die castings the test specimen 
shown in Fig. 13 shall be used unless otherwise 
provided in the product specifications. 

6.5 Specimens for Powdered Metals : 

6.5.1 For testing powdered metals the test 
specimens shown in Figs. 14 and 15 shall be 
used, unless otherwise provided in the product 
specifications. 

7. Procedures 

7.1 Measurement of Dimensions of Test Spec¬ 
imens: 

7.1.1 To determine the cross-sectional area of 
a tension test specimen, measure the dimensions 
of the cross section at the center of the reduced 
section except that for referee testing of speci¬ 
mens under 3 /i6 in. in their least dimension, 
measure the dimensions where the least cross- 
sectional area is found. Measure and record the 
cross-sectional dimensions of tension test speci¬ 
mens 0.200 in. and over to the nearest 0.001 in.; 
the cross-sectional dimensions less than 0.200 in. 
and not less than 0.100 in. to the nearest 0.0005 
in.; the cross-sectional dimensions less than 0.100 
in. and not less than 0.020 in., to the nearest 
0.0001 in.; and when practical, the cross-sec¬ 
tional dimensions less than 0.020 in., to at least 
the nearest 1 % but in all cases to at least the 
nearest 0.0001 in. 

Note 5 —Measurements of dimensions presume 
smooth surface finishes for the specimens. Rough sur¬ 
faces due to the manufacturing process such as hot 
rolling, metallic coating, etc., may lead to inaccuracy 
of the computed areas greater than the measured di¬ 
mensions would indicate. Therefore, cross-sectional di¬ 
mensions of tension test specimens with rough surfaces 
due to processing may be measured and recorded to 
the nearest 0.001 in. 

7.1.2 Determine cross-sectional areas of full- 
size tension test specimens of nonsymmetrical 
cross sections by weighing a length not less than 
20 times the largest cross-sectional dimension 
and using the value of density of the material. 
Determine the weight to the nearest 0.5 % or less. 

7.1.3 When using specimens of the type 
shown in Figure 12 from tubes, the cross-sec¬ 
tional area shall be determined using the follow¬ 
ing formula: 
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w 2 w 

—-- + R 2 ARCSIN — 
4 D 


W 

2 



W 2 , tF 

- — + r 2 -ARCSIN — 
4 d 


where: 

ri = cross-section area, 

D = outside diameter, 
d — inside diameter, 

R — outside radius, 

r = inside radius, and 

W = width of specimen reduced section. 

7.2 Speed of Testing-. 

7.2.1 Speed of testing may be defined (a) in 
terms of free-running crosshead speed (rate of 
movement of the crosshead of the testing ma¬ 
chine when not under load), (b) in terms of 
rate of separation of the two heads of the testing 
machine during a test, (c) in ter ms of the 
elapsed time for completing part or all of the 
test, (d) in terms of rate of stressing the speci¬ 
men, or (e) in terms of rate of straining the 
specimen. For some materials the first of these, 
which is the least accurate, may be adequate, 
while for other materials one of the others, 
listed in increasing order of precision, may be 
necessary in order to obtain test values within 
acceptable limits. Suitable limits for speed of 
testing should be specified for materials for 
which the differences resulting from the use of 
different speeds are of such magnitude that the 
.test results are unsatisfactory for determining 
the acceptability of the material. In such in¬ 
stances, depending upon the material and the 
use for which it is intended, one or more of the 
methods described in the following paragraphs 
is recommended for specifying speed of testing. 

7.2.2 Free-Running Crosshead Speed —The 
allowable limits for the rate of movement of 
the crosshead of the testing machine, when not 
under load, shall be specified in inches per inch 
of length of reduced section (or distance between 
grips for specimens not having reduced sections) 
per minute. The limits for the crosshead speed 
may be further qualified by specifying different 
limits for various types and sizes of specimens. 
The average crosshead speed can be experimen¬ 
tally determined by using a suitable measuring 
device and a timing device. 

7.2.3 Rate of Separation of Heads During 
Tests —The allowable limits for rate of separation 
of the heads of the testing machine during a test 
shall be specified in inches per inch of length of 


reduced section (or distance between grips for 
specimens not having reduced sections) per min¬ 
ute. The limits for the rate of separation may be 
further qualified by specifying different limits for 
various types and sizes of specimen. Many testing 
machines are equipped with pacing or indicating 
devices for the measurement and control of the 
rate of separation of the heads of the machine 
during a test, but in the absence of such a device 
the average rate of separation of the heads can 
be experimentally determined by using a suitable 
length-measuring device and a timing device. 

7.2.4 Elapsed Time —The allowable limits 
for the elapsed time from the beginning of 
loading (or from some specified stress) to the 
instant of fracture, to the maximum load, or to 
some other stated stress, shall be specified in 
minutes or seconds. The elapsed time can be 
determined with a timing device. 

7.2.5 Rate of Stressing —The allowable limits 
for rate of stressing shall be specified in pounds 
per square inch per minute. Many testing ma¬ 
chines are equipped with pacing devices for the 
measurement and control of the rate of stress¬ 
ing, but in the absence of such a device the 
average rate of stressing can be determined 
with a timing device by observing the time 
required to apply a known increment of stress. 

7.2.6 Rate of Straining —The allowable limits 
for rate of straining shall be specified in inches 
per inch per minute. Some testing machines are 
equipped with pacing or indicating devices for 
the measurement and control of rate of straining, 
but in the absence of such a device the average 
rate of straining can be determined with a timing 
device by observing the time required to effect a 
known increment of strain. 

7.2.7 Unless otherwise specified, any con¬ 
venient speed of testing may be used up to one 
half the specified yield strength, or up to one 
quarter the specified tensile strength, whichever 
is smaller. The speed above this point shall be 
within the limits specified. If different speed 
limitations are required for use in determining 
yield strength, tensile strength, and elongation, 
they should be stated in the product specifica¬ 
tions. In the absence of any more specified 
limitations on speed of testing the following 
general rules shall apply: 

7.2.7.1 The speed of testing shall be such 
that the loads and strains used in obtaining the 
test results are accurately indicated. 

7.2.7.2 During the conduct of the test to 
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determine yield strength the rate of stress ap¬ 
plication shall not exceed 100 000 psi/min. 
The speed may be increased after removal of 
the extensometer, but it shall not exceed 0.5 
n. ./in. of gage length (or distance between grips 
or specimens not having reduced sections) per 
linute. 

7.3 Rounding —Round each value of 
Strength to the nearest 0.1 ksi. Round each 
value of elongation determined in accordance 
with 7.6.1 to the nearest 0.5 %, unless specified 
otherwise. Perform rounding according to the 
rounding method of Recommended Practice 
E 29. 

7.3.1 If elongation is determined in accord¬ 
ance with 7.6.4, round each value in accordance 
with 7.6.4.4. 

7.4 Yield Strength —Determine yield 
strength by the offset method at an offset of 0.2 
%. Acceptance or rejection of material may be 
decided on the basis of Extension-Under-Load 
Method. For referee testing, the offset method 
shall be used. 

7.4.1 Offset Method —To determine the yield 
strength by the “offset method,” it is necessary 
to secure data (autographic or numerical) from 
which a stress-strain diagram may be drawn. 
Then on the stress-strain diagram (Fig. 16) lay 
off Om equal to the specified value of the set, 
draw mn parallel to OA, and thus locate r, the 
intersection of mn with the stress-strain dia¬ 
gram. (Note 7). In reporting values of yield 
Strength obtained by this method, the specified 
value of “offset” used should be stated in pa¬ 
rentheses after the term yield strength. Thus: 

Yield strength (offset = 0.2 %) = 52 000 psi 

In using this method a Class B2 extensometer 
(see Methods E 83) would be sufficiently sen¬ 
sitive for most materials. 

Note 6 —Automatic devices are available that de¬ 
termine offset yield strength without plotting a stress- 
strain curve. Such devices may be used if their ac¬ 
curacy has been demonstrated to be satisfactory. 

Note 7—If the load drops before the specified offset 
is reached, technically the material does not have a 
yield strength (for that offset), but the stress at the 
maximum load attained before the specified offset is 
reached may be reported instead of the yield strength. 

7.4.2 Extension- Under-Load Method —For 
tests to determine the acceptance or rejection 
of material whose stress-strain characteristics 
are well known from previous tests of similar 
material in which stress-strain diagrams were 
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plotted, the total strain corresponding to the 
stress at which the specified offset occurs will 
be known within satisfactory limits; therefore, 
in such tests a specified total strain may be 
used, and the stress on the specimen, when this 
total strain is reached, is taken to be the value 
of the yield strength (Fig. 17). The total strain 
can be obtained satisfactorily by use of a Class 
B2 extensometer. It is recommended that this 
approximate method be used only after agree¬ 
ment between the manufacturer and the pur¬ 
chaser, with the understanding that check tests 
be made for obtaining stress-strain diagrams 
for use with the offset method to settle any 
misunderstandings. 

7.5 Tensile Strength: 

7.5.1 Calculate the tensile strength by divid¬ 
ing the maximum load carried by the specimen 
during a tension test by the original cross-sec¬ 
tional area of the specimen. 

7.6 Elongation : 

7.6.1 Fit ends of the fractured specimen to¬ 
gether carefully and measure the distance be¬ 
tween the gage marks to the nearest 0.01 in. A 
percentage scale reading to 0.5 % of the gage 
length may be used. The elongation is the 
increase in length of the gage length, expressed 
as a percentage of the original gage length. In 
reporting elongation values, give both the per¬ 
centage increase and the original gage length. 

7.6.2 If any part of the fracture takes place 
outside of the middle half of the gage length or 
in a punched or scribed mark within the re¬ 
duced section, the elongation value obtained 
may not be representative of the material. If 
the elongation so measured meets the minimum 
requirements specified, no further testing is 
required, but the location of fracture shall be 
noted. If the elongation is less than the mini¬ 
mum requirements, discard the test and test a 
replacement specimen as allowed in 8.1.1. 

7.6.3 In determining extension at fracture 
(elastic plus plastic extension), autographic or 
automated methods using extensometers may be 
employed. 

7.6.3.1 In determining percent elongation 
from extension at fracture, only the plastic exten¬ 
sion shall be used. The elastic portion can be 
estimated graphically or by calculation and sub¬ 
tracted from the total extension at fracture. 

7.6.4 When required by the material specifi¬ 
cation, or when making retests or for referee tests 
of products other than wire and the specified 
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elongation is less than 3 % or the elongation 
measured in the usual manner is less than 4 %, 
determine the elongation of a round specimen as 
follows: 

7.6.4.1 Mark the original gage length of the 
specimen and measure to an accuracy of ±0.002 
in. 

7.6.4.2 Remove any partly tom fragments 
that might influence the fmal measurement 
from the broken ends of the specimen. 

7.6.4.3 Match the broken ends together to 
obtain an integral fit, and apply an end load of 
approximately 2 ksi. If desired, the load may 
then be removed carefully, provided the speci¬ 
men remains intact. 

7.6.4.4 Measure the final gage length to at 
least the nearest 0.002 in., and report the elon¬ 
gation to at least the nearest 0.1 % in 2 in. or 
0.2 % in shorter gage lengths. 

7.6.5 Measure elongations of %-in. wide rec¬ 
tangular specimens and of full-section speci¬ 
mens from tube and pipe in 2 in. 

7.6.6 Measure elongation of round speci¬ 
mens taken from products 0.125 in. or larger in 
4Z) except die casting and wire for electric con¬ 
ductors. 

7.6.7 For wire for electric conductors the 
gage length shall be in 10 in. and elongation 
shall be measured and reported to the nearest 
0.1%. 

7.6.8 Measure elongation of die cast speci¬ 
mens in 8 D (see Fig. 13). 

7.6.9 Measurement of elongation of shapes 
less than 0.062 in. in thickness and of wire, 
other than electric conductors, 0.125 in. and 
less in diameter is not required. 

8. Replacement Tests 

8.1 A test specimen may be discarded and a 
replacement specimen selected from the same 
lot of material when (1) the specimen had a 
poorly machined surface, was not of the proper 
dimensions, or had its properties changed by 
poor machining practice; (2) the test procedure 
was incorrect or the test equipment malfunc¬ 
tioned; or ( 3 ) the fracture was outside the mid¬ 
dle half of the gage length, and the elongation 
was below the specified value. 

8.2 In the case of specimens machined from 
wrought products or castings, discontinuities 
such as cracks, ruptures, flakes and porosity 
revealed in the fracture that are considered 
indicative of inferior or defective material are 


not reasons for the selection of a replacement 
test specimen. 

8.3 In the case of separately cast test speci¬ 
mens, flaws other than gas porosity, such as 
cracks or inclusions, are not the cause of rejec 
tion of the castings based upon tensile propei 
ties, and so the presence of such flaws in tfc 
fracture is justification for replacement testing 

9. Retests 

9.1 If one or more test specimens fail to 
conform to the requirements of the product 
specification, the lot represented by the speci¬ 
men or specimens shall be subject to rejection 
except as provided below. 

9.2 If a material lot is subject to rejection, 
retests of that lot will be permitted by: 

9.2.1 Testing, for each specimen that failed, 
at least two additional specimens from an area 
in the original sample adjacent to the area 
represented by the failure or failures, or 

9.2.2 Testing an additional specimen from 
the specified location in each of at least two 
other samples for each sample that failed from 
the same lot. 

9.2.3 In the case of separately cast test spec¬ 
imens, testing two additional cast speciments 
from the same lot for each specimen that failed. 

9.3 If any retest fails, the lot shall be subject 
to rejection, except that the lot may be resub¬ 
mitted for testing provided the producer has 
reworked the lot, as necessary, to correct the 
deficiencies or has removed the nonconforming 
material. 

10. Precision and Bias 

10.1 Precision —The degree of agreement 
within the results obtained in tests made to eval¬ 
uate a particular property in accordance with the 
procedures stated in this standard. 

10.1.1 Precision is influenced by the homo¬ 
geneity of specimens. By homogeneity, the ma¬ 
terial itself, the specimen shape, the gripping 
methods and measurement methods are meant. 

10.1.2 Precision is related to laboratories, the 
design and condition of the machines and auxil¬ 
iary equipment and to the skill used by operators. 

10.1.3 Results obtained under single operator, 
single-machine testing can represent the opti¬ 
mum precision. 

10.2 Bias —The accuracy of the results in 
tension testing is the degree of agreement be¬ 
tween the property defined by the results and an 
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accepted standard which is the average of a num¬ 
ber of observations obtained by operators using 
the highest skills; using the most suitable ma¬ 
chines and equipment and by laboratories having 
--the highest degree of supervision. 

10.2.1 Testing machine load accuracy influ- 
9 fences accuracy of properties related to force. 
-^Specimen geometry, symmetry and alignment 
influence stress accuracy and strain uniformity. 
Accuracy of extensometry influences strain mag¬ 
nitude. Gripping devices, qualifications of oper¬ 
ators and speed of testing may influence accu¬ 
racy. 


10.3 Statistical methods and procedures exist 
to calculate precision, establish bias and make 
statistical judgement that numbers defining prop¬ 
erties are different only by chance. 


Note 8 —Test results that can be used for statistical 
evaluation to establish the precision of these methods 
are not available but are being solicited by ASTM 
Committee B-7. 

Note 9—At this time, statements of the accuracy of 
the results in tension testing should be limited to the 
documented performance of particular laboratories. 


TABLE 1 Guidelines for Selecting Round Tensile Specimens 


Specified Material Thick¬ 
ness, in. 

Min. Mate¬ 
rial Section 
Thickness 
Length or 
Width, in. 

Specimen Di¬ 
ameter, in. 

0.250 through 0.374 

l>/2 

0.160 

0.375 through 0.499 

2'h 

0.250 

0.500 through 0.624 

3V* 

0.350 

0.625 and over 

4% 

0.500 


TABLE 2 Location of Axis of Specimens in Rod, Bar, and 
Shapes 


Section Diameter, 
Thickness or Width, 
in. 

Location of Axis of Specimen with 
Respect to Thickness (T) and 
Width ( W) of Bar and Shapes or 
Diameter ( D ) of Rod 


Thickness Width 

Diameter 

Up through 1.500, incl 
Over 1.500 

T/2 W/2 

T/4 W/4 

D/2 

D/4 


n i 
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Wedge Grips 



Flat Specimen- 


Upper Head of 
Testing Machine 


Liners-Thickness Varied 
According to Specimen Thick¬ 
ness to Keep Wedge Grips 
from Protruding Above or 
Below Head of Testing 
Machine 


FIG. 1 Wedge Grips with Liners for Flat Specimens 
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Split 

Socket- 


Solid 

Clamping 

Ring-* 


Spherical 
{ Bearing 



Specimen 

with 

Shouldered 

Ends. 


FIG. 3 Gripping Device for Shouldered-End Specimens 



Specimen 



Section A-A- for Wire 

FIG. 4 Gripping Devices for Sheet and Wire Specimens 
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Dimensions, in. 

Standard Specimen Sheet- Subsize Specimen 

Type, y 2 -in. Wide y4-in. Wide 

G — Gage length 

2.000 ± 0.005 

1.000 ± 0.003 

W —Width (Notes 1 and 2) 

0.500 ± 0.010 

0.250 ±0.002 

T — Thickness (Note 3) 

thickness of material 

thickness of material 

R — Radius of fillet, min 

y 2 

y 4 

L — Over-all length, min (Note 4) 

8 

4 

A — Length of reduced section, min 

2 y 4 

IV* 

B — Length of grip section, min (Note 5) 

2 

l¥t 

C — Width of grip section, approximate 

% 

% 

(Notes 2 and 6) 




Note 1—The ends of the reduced section shall not differ in width by more than 0.002 in. for the 2.00-in. gage length 
specimen or 0.001 in. for the 1.00-in. gage length specimen. There may be a gradual taper in width from the ends of the 
reduced section to the center, but the width at each end shall not be more than 1 % greater than the width at the center. 

Note 2—For each of the specimens, narrower widths (W and C) may be used when necessary. In such cases the width of 
the reduced section should be as large as the width of the material being tested permits; however, unless stated specifically, the 
requirements for elongation in a product specification shall not apply when these narrower specimens are used. If the width 
of the material is less than W, the sides may be parallel throughout the length of the specimen. 

Note 3—The dimension T is the thickness of the test specimen as stated in the applicable material specifications. 
Maximum nominal thicknesses of y 2 -in. and yi-in. wide specimens shall be y 2 in. and y 4 in., respectively. 

Note 4—To aid in obtaining axial loading during testing of yt-in. wide specimens, the over-all length should be as large 
as the material will permit, up to 8 in. 

Note 5—It is desirable, if possible, to make the length of the grip section large enough to allow the specimen to extend 
into the grips a distance equal to two thirds or more of the length of the grips. If the thickness of y 2 -in. wide specimens is over 
% in., longer grips and correspondingly longer grip sections of the specimen may be necessary to prevent failure in the grip 
section. 

Note 6—The ends of the specimen shall be symmetrical with the center line of the reduced section within 0.01 and 0.005 
in., respectively. 


FIG. 6 Rectangular Tension Test Specimens 
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Dimensions, in. 

G — Gage length 

2.000 ± 0.005 


IF—Width (Note 1) 

0.500 ± 0.010 


T — Thickness, max (Note 2) 

% 


R — Radius of fillet, min (Note 3) 

% 


L — Over-all length, min 

8 


A — Length of reduced section, min 

2y 4 


B — Length of grip section, min 

2 


C — Width of grip section, approximate 

2 


D — Diameter of hole for pin, min (Note 4) 

%• I 


E — Edge distance from pin, approximate 

m 


F — Distance from hole to fillet, min 

y 2 




Note 1—The ends of the reduced section shall differ in width by not more than 0.002 in. There may be a gradual taper 
in width from the ends of the reduced section to the center, but the width at each end shall be not more than 1 % greater than 
the width at the center. 

Note 2—The dimension T is the thickness of the test specimen as stated in the applicable product specifications. 

Note 3—For some materials, a fillet radius R larger than l h in. may be needed. 

Note 4 —Holes must be on center line of reduced section, within ±0.002 in. 

Note 5—Variations of dimensions C, D, E, F, and L may be used that will permit failure within the gage length. 

FIG. 7 Pin-Loaded Tension Test Specimen with 2-in. Gage Length 
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Nominal Diameter 


Dimensions, in. 


Standard Speci¬ 
men 

Small-Size Specimens Proportional to Standard 

0.500 

0.350 

0.250 

0.160 

G — Gage length 

2.000 ± 0.005 

1.400 + 0.005 

1.000 ± 0.005 

0.640 ± 0.005 

D —Diameter (Note 1) 

0.500 ± 0.010 

0.350 ± 0.007 

0.250 ± 0.005 

0.160 ± 0.003 

R — Radius of fillet, min 

% 

Y* 

%e 

%2 

A — Length of reduced section, min (Note 2) 

2 Vi 

1% 

\y* 

% 



Note 1—The reduced section may have a gradual taper from the ends toward the center, with the ends not more than 1 % larger in diameter than the center (controlling 
dimension). 

Note 2—If desired, the length of the reduced section may be increased to accommodate an extensometer of any covenient gage length. Reference marks for the measurement of 
elongation should, nevertheless, be spaced at the indicated gage length. 

Note 3—The gage length and fillets shall be as shown, but the ends may be of any form to fit the holders of the testing machine in such a way that the load shall be axial (see Fig. 
9). If the ends are held in wedge grips it is desirable, if possible, to make the length of the grip section great enough to allow the specimen to extend into the grips a distance equal to 
two thirds or more of the length of the grips. 

Note 4—On the round specimens in Figs. 8 and 9, the gage lehgths are equal to four times the nominal diameter. In some product specifications other specimens may be provided 
for, but unless the 4-to-l ratio is maintained within dimensional tolerances, the elongation values may not be comparable with those obtained from the standard test specimen. 

Note 5—The use of specimens smaller than 0.250-in. diameter shall be restricted to cases when the material to be tested is of insufficient size to obtain larger specimens Or when 
all parties agree to their use for acceptance testing. Smaller specimens require suitable equipment and greater skill in both machining and testing. 

Note 6— Four sizes of specimens often used have diameters of approximately 0.505, 0.357, 0.252, and 0.160 in., the reason being to permit easy calculations of stress from loads, 
since the corresponding cross-sectional areas are equal or close to 0.200, 0.100, 0.0500, and 0.0200 in. 2 , respectively. Thus, when the actual diameters agree with these values, the 
stresses (or strengths) may be computed using the simple multiplying factors 5,10, 20, and 50, respectively. 

FIG 8 Standard 0.500-in. Round Tension Test Specimen with 2-in. Gage Length and Examples of Small-Size Specimens Proportional to the Standard Specimen 
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Dimensions, in. 




Specimen 1 

Specimen 2 

Specimen 3 

Specimen 4 

Specimen 5 

G —Gage length 

2.000 ± 0.005 

2.000 ± 0.005 

2.000 ± 0.005 

2.000 ± 0.005 

2.000 ± 0.005 

D —Diameter (Note 1) 

0.500 ± 0.010 

0.500 ± 0.010 

0.500 ±0.010 

0.500 ± 0.010 

0.500 ± 0.010 

R —Radius of fillet, min 

% 

% 

Vl6 

% 

3 /s 

A — Length of reduced section 

214, min 

214, min 

4, approxi¬ 
mately 

214, min 

214, min 

L —Over-all length, approxi- 

5 

5 y 2 

5y 2 

4% 

9V2 

mate 

B — Length of end section 

1%, approxi- 

1, approxi- 

%, approxi- 

V 2 , approxi- 

3, min 

(Note 2) 

mately 

mately 

mately 

mately 


C —Diameter of end section 

% 

% 

2 %2 

% 

% 

E — Length of shoulder and fil- 


% 


% 

% 

let section, approximate 

F — Diameter of shoulder 


% 


% 

1 %2 



Note 1—The reduced section may have a gradual taper from the ends toward the center with the ends not more than 0.005 in. larger in diameter than the center. 

Note 2—On Specimen 5 it is desirable, if possible, to make the length of the grip section great enough to allow the specimen to extend into the grips a distance equal to two thirds 
or more of the length of the grips. 


FIG 9 Various Types of Ends for Standard Round Tension Test Specimen 
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Note —The diameter of the plug shall have a slight taper 
from the line limiting the testing machine jaws to the curved 
section. 

FIG. 10 Metal Plugs for Testing Tubular Specimens, 
Proper Location of Plugs in Specimen and of Specimen in 
Heads of Testing Machine 




Note —The edges of the specimen shall be cut parallel to 
each other. 

FIG. II Location from Which Longitudinal Tension Test 
Specimens Are to Be Cut from Large-Diameter Tube 




Dimensions, in. 

W —Width (Note 1) 

0.500 ± 0.010 

G — Gage length 

2.000 ± 0.005 

T — Thickness 

Note 2 

R — Radius of fillet, min 

y 2 • 

A — Length of reduced section, min 

2Vi 

B — Length of grip section, min (Note 3) 

3 

C — Width of grip section, approximate (Note 4) 

% 


Note 1—The ends of the reduced section shall not differ in width by more than 0.002 in. There may be a gradual taper in 
width from the ends of the reduced section to the center, but the width at each end shall not be more than 1 % greater than the 
width at the center. 

Note 2—The dimension T is the thickness of the tubular section as provided for in the applicable material specifications. 

Note 3—It is desirable, if possible, to make the length of the grip section great enough to allow the specimen to extend into the 
grips a distance equal to two thirds or more of the length of the grips. 

Note 4—The ends of the specimen shall be symmetrical with the center line of the reduced section within 0.05 in. 

Note 5—For circular segment, the cross-sectional area shall be calculated using the formula shown in 7.1.3. 

FIG. 12 Longitudinal Tension Test Specimens for Large-Diameter Tubular Products 
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L 


B 

A 
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Dimensions, in. 

G —Gage length 

2.000 ± 0.005 

D— Diameter (see Note) 

0.250 ± 0.005 

R —Radius of filet, min 

3 

A — Length of reduced section, min 

2V4 

L — Over-all length, min 

9 

B — Distance between grips, min 

4V2 

C—Diameter of end section, approximate 

% 


Note —The reduced section may have a gradual taper from the ends toward the center, with the ends not more than 0.005 
in. larger in diameter than the center. 

FIG. 13 Standard Tension Test Specimen for Die Castings 


W D W F C 



Pressing Area =1.00 in. 2 

Dimensions Specified except G, are Those of the Die. 


Dimensions, in. 

G — Gage length 

1.000 ± 0.005 

D — Width at center 

0.225 ± 0.001 

IF—Width at end of reduced section 

0.235 ± 0.001 

T — Compact to this thickness 

0.200 to 0.250 

R — Radius of fillet 

1 

A — Half-length of reduced section 

% 

B — Grip length 

3.187 ± 0.001 

L — Over-all length 

3.529 ± 0.001 

C — Width of grip section 

0.343 ± 0.001 

F — Half width of grip section 

0.1715 ± 0.0010 

E — End radius 

0.171 ± 0.001 


FIG. 14 Standard Tension Test Specimen for Powdered Metal Products—Flat Unmachined Tension Test Specimen 
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Pressing Area of Unmachined Compact =1.5 in. 2 
Machining Recommendations 

1. Rough Machine to s /is in. dia 

2. Finish Turn 0.250 in. dia with Radii and 


Taper 

3. Polish with 00 Emery Cloth 

4. Lap with Crocus Cloth 


Dimensions, in. 

G — Gage length 

1.000 ± 0.005 

D — Diameter at center of reduced section 

0.250 ± 0.001 

H — Diameter at ends of gage length 

D + 0.001 to 0.002 in. 

R — Radius of fillet 

V* 

A — Length of reduced section 

m 

L — Over-all length (die cavity length) 

3 

B— Length of end section 

y 2 

C — Compact to this end thickness 

0.500 ± 0.050 

W— Die cavity width 

y 2 

E — Length of shoulder and fillet 

% 

F — Diameter of shoulder 

5 /m 

J — End fillet radius, max 

Vis 


Note —The gage length and fillets of the specimen shall be as shown. The ends as shown are designed to provide a total 
pressing area of 1.00 in. 2 Other end designs are acceptable, and in some cases are required for high-strength sintered materials. 
Some suggested alternative end designs include: 

1. Longer ends, of the same general shape and configuration as the standard, provide more surface area for gripping. 

2. Shallow transverse grooves, or ridges, may be pressed in the ends to be gripped by jaws machined to fit the specimen 
contour. 

FIG. 15 Standard Tension Test Specimen for Powdered Metal Products—Round Machined Tension Test Specimen 
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FIG. 16 Stress-Strain Diagram for Determination of 
Yield Strength by the Offset Method 
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om = Specified Extension Under Load 

FIG. 17 Stress-Strain Diagram for Determination of 
Yield Strength by the Extension-Under-Load Method 



The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in 
connection with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity 
of any such patent rights, and the risk of infringement of such rights, are entirely their own responsibility. 

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years 
and if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional 
standards and should be addressed to A STM Headquarters. Your comments will receive careful consideration at a meeting of the 
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should 
.make your views known to the A STM Committee on Standards, 1916 Race St., Philadelphia, Pa. 19103. 
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